of EDTA exceeded 100 mg./kg. bizarre ventricular complexes and extrasystoles appeared and further doses resulted in ventricular fibrillation and death of the animal.
Intravenous calcium gluconate promptly shortened the prolonged Q-T interval induced by EDTA (Fig. 1) . However, calcium was ineffective in bringing back to normal the grossly altered ventricular complexes or reversing ventricular fibrillation resulting from large doses of EDTA.
Digitalis and EDTA. These experiments were arranged in two groups. In the first group digitalis was given until the appearance of cardiac arrhythmias and then the effect of EDTA was observed. In the second group digitalis and EDTA were given concomitantly with a view to ascertaining the digitalis dose required to produce ectopic beats.
Digitalis-induced ventricular extrasystoles and ventricular tachycardia were invariably abolished by disodium EDTA. The effect was often transient. However, in over half of the experiments the arrhythmia did not recur during a period of observation of up to one hour. The result of such an experiment is shown in Fig. 3 .
In previous experiments in cats it was established that the average lethal dose of digitalis was 1 ml. tincture of digitalis per kg. body weight, and that ectopic beats appeared as a rule after the administration of two-thirds of the lethal dose (Szekely and Wynne, 1951) . When digitalis and EDTA were given concomitantly the average dose of digitalis necessary to produce ectopic beats and eventually death from ventricular fibrillation was twice as large as when digitalis was given alone (Fig. 2 ).
The tracing reproduced in Fig. 4 Fig . 5 shows an episode of ventricular tachycardia in a 54-year-old man with acute cardiac infarction and heart failure who had been receiving 0-75 mg. of digoxin daily for three days. Sinus rhythm was restored with 2 g. of disodium EDTA and the ectopic rhythm did not recur. In another patient with an acute cardiac infarction and heart failure, who had received a total of 2-5 mg. of digoxin in four days, an episode of ventricular tachycardia was terminated by 2 g. disodium EDTA.
The S-T segment depression in the cardiogram due to digitalis was reversed by disodium EDTA and such an effect is illustrated in Fig. 6 . Although EDTA has a direct cardio-depressant action, especially when given in large doses (Rothlin, Taeschler, and Cerletti, 1954; Kabakow and Brothers, 1958) , it is believed that its antiarrhythmic effect is based on the induction of a transient hypocalcxmic state. Surawicz et al. (1959) found in several patients that after successful control of the cardiac arrhythmia by EDTA the ectopic beats reappeared promptly after the intravenous administration of calcium. They also observed that ventricular extrasystoles when still present after the injection of EDTA showed a longer coupling interval than those before EDTA. They are of the opinion that the longer coupling interval after EDTA, together with the prolonged electrical systole, indicates a prolongation of the refractory period of the ventricular myocardium, which is ultimately responsible for the antiarrhythmic action.
In the experience of Brothers and Kabakow (1957) EDTA had no effect on cardiac arrhythmias not caused by digitalis. Jick and Karsh (1959) arrived on the whole at the same conclusion and they suggested that a positive response to the administration of EDTA was strongly suggestive of digitalis intoxication while a negative result cast considerable doubt on its presence. Eliot and Blount (1961) also found EDTA much more reliable in digitalis-induced cardiac arrhythmias than in those of other origin. On the other hand, several reports show that EDTA is equally effective in abolishing ectopic beats not due to digitalis (Cohen et al., 1959; Surawicz et al., 1959; Surawicz, 1960; Soffer et al., 1961; Corday et al., 1962) .
There is evidence that EDTA also reverses the depressant effects of digitalis. Bernstein, Neschis, and Collini (1959) observed a patient with massive digitalis poisoning exhibiting prolonged periods of sinus arrest, who responded favourably to EDTA therapy.
We were able to show that EDTA exerted a protective action against digitalis intoxication when it was given concomitantly with digitalis. In these experiments cardiac arrhythmias appeared only after much larger doses of digitalis, and the lethal dose of digitalis was also significantly larger than when digitalis was given alone. Such a protective effect of hypocalcemia was previously reported by Baker (1947) , Gubner and Kallman (1957), and Lown, Black, and Moore (1960) .
It has been possible to reverse the electrocardiographic pattern of digitalis effect (S-T segment and T wave pattern) by EDTA (Page and Real, 1955; Brothers and Kabakow, 1957; Soffer et al., 1961) . Our own observations are in agreement with these findings. In this connexion it is of interest that in the experience of Brothers and Kabakow (1957) S-T segment depression and T wave changes due to left ventricular hypertrophy or coronary insufficiency were unaffected by EDTA.
The effect of EDTA is often only transient, which is probably due to the rapid return of the serum calcium level to normal (Jick and Karsh, 1959) . Nevertheless, EDTA is valuable as an initial therapy in emergency situations and it can be combined with a slower and more conventional oral potassium therapy as pointed out by Rosenbaum et al. (1960) .
No significant toxic manifestations have been observed in patients treated with EDTA. Rosenbaum et al. (1960) state that 3 g. of disodium EDTA can be given intravenously over a 20-minute period with safety. However, Sapeika (1954) warns that the administration of the drug can lead to a sudden severe depression of the myocardium with a severe fall of the blood pressure, especially when large doses are injected rapidly.
Cardiac arrhythmias precipitated by digitalis should be recognized promptly, because continuation of digitalis therapy is likely to aggravate the cardiac condition and can also lead to ventricular fibrillation. We concur with the observations of Jick and Karsh (1959) and Rosenbaum et al. (1960) that disodium EDTA has a particular therapeutic value in those cases of digitalis intoxication in which a rapid response is desired and that this therapy can be usefully combined with the oral administration of potassium. 593 group.bmj.com on April 19, 2017 -Published by http://heart.bmj.com/ Downloaded from
